Prognosis after stroke in children is difficult given the paucity of literature regarding motor and cognitive recovery. Spatial neglect has been described in children after stroke, yet little evidence exists to guide clinicians and parents regarding its resolution. Wallerian degeneration on magnetic resonance imaging (MRI) suggests poor recovery in neonates and adults. We report near complete resolution of spatial neglect in 4 weeks and significant improvement in hemiplegia in a 9-year-old boy with a right anterior cerebral artery and middle cerebral artery infarction, despite Wallerian degeneration apparent on diffusion-weighted imaging. Serial assessment of neglect documenting the rapid course of recovery is the unique feature of this case and may help serve as a guide to pediatricians and neurologists in assessment of young patients and counseling of parents. The lack of published outcome data suggests a need for larger studies about the recovery of spatial neglect and other cognitive symptoms following pediatric stroke.
Unilateral spatial neglect is often defined as the inability to attend or respond to space contralateral to brain damage that is not attributable to a primary sensory or motor deficit. 1 The neuroanatomical correlates of neglect following right or left hemisphere damage have been well described in adults. [2] [3] [4] [5] Despite numerous reports of unilateral spatial neglect in children [6] [7] [8] [9] [10] and a recent prospective study design, 7 its neuroanatomical correlates, severity, and recovery characteristics remain poorly defined. Much of this poor characterization stems from different neglect tests, single-center studies, and inadequate location and lesion volume analysis. Few reports have focused on the recovery from spatial neglect in children. One notes lack of complete recovery at 6 months, 11 while still others mention improvement 7,8 but do not describe the time course of recovery. We report on a child with spatial neglect after large right middle cerebral artery and anterior cerebral artery stroke. Our patient was formally tested 8 and 32 days poststroke onset. Initial testing showed severe neglect and follow-up testing showed near complete resolution of neglect. Wallerian degeneration was observed on the magnetic resonance imaging (MRI) 8 days poststroke, yet our patient regained significant motor function. 12 This case highlights several features important for prognosis and the time course of recovery from acute stroke. This patient is part of a consent-based neurovascular database approved by our institutional review board. Our institutional review board does not review single case reports.
Case Report
A 9-year-old boy with reactive airway disease had shortness of breath not relieved by albuterol 5 days prior to outside hospital admission. Just prior to admission, he developed altered mental status, intermittently pounding the top of his head and gritting his teeth. On admission, he was diagnosed with pneumonia with bilateral pleural effusions requiring a chest tube. When his mental status improved, he was completely unable to move his left side. Magnetic resonance imaging showed an acute right anterior cerebral artery, right middle cerebral artery, and left pulvinar stroke, at which time he was transferred to our institution. Images show a 155 cm 3 stroke (33% of the right hemisphere), which includes right caudate, putamen, and Brodmann areas 4, 5, 6, 7, 22, 23, 31, 39, 40-42 ( Figure 1 , top panels) determined using maps as previously described 2 as well as the left pulvinar.
Cerebral digital subtraction angiography was performed immediately due to concerns of arterial dissection. The angiogram revealed clots in the right middle cerebral artery (M1 segment), the right anterior cerebral artery (A2 segment and pericallosal artery), and the left posterior cerebral artery (P1 segment), but no arterial dissection, suggesting thromboembolic etiology and possible hypercoagulable state.
Hypercoaguable workup revealed antiphospholipid syndrome with prolonged partial thromboplastin time and dilute Russell viper venom time, as well as decreased protein C activity (63%), and a decreased antithrombin III activity (59%). Normal studies included factor V Leiden, prothrombin 20210A mutation, anticardiolipin antibodies, factor VIII, homocysteine, rheumatologic screen, antinuclear antibody, Creactive protein, and erythrocyte sedimentation rate. A transesophageal echocardiogram showed a small patent foramen ovale with no functional shunt by bubble study, making the left heart the likely source of emboli. Electrocardiogram revealed intermittent atrial fibrillation without reported palpitations.
Eight days after admission, he underwent formal neglect testing. He did not have perseverative symptoms, tactile or visual extinction, but had severe unilateral spatial neglect (Table 1, Figure 2 ). The same day, he was discharged to rehabilitation with a flaccid left hemiplegia. Wallerian degeneration was apparent on diffusion-weighted MRI 11 days poststroke, extending from the right internal capsule through the pons (Figure 1 middle and bottom panels) . 12 At this time, he had only trace movement of his left side. Assessment of spatial neglect at discharge, 32 days poststroke revealed near complete resolution (Table 1, Figure 2 ). He was able to walk with assistance but had little use of his left hand.
Six months' poststroke, he had moderate left hemiparesis (4/ 5 strength in his upper and lower extremities), hyperreflexia, and an upgoing toe. He was unable to straighten his wrist but could squeeze his fingers and abduct his thumb. Functionally, he needed help dressing, and his gait showed mild circumduction. He was back in regular classes at school and doing well while continuing outpatient rehabilitation.
Subsequent holter monitor tracings have shown sustained arrhythmias with asymptomatic junctional escape rhythms and supraventricular ectopic beats. He has been maintained on warfarin given that he has both cardiac arrhythmia and antiphospholipid syndrome as ongoing risk factors for stroke recurrence.
Discussion
This case demonstrates near complete resolution of spatial neglect in a school-age child approximately 30 days poststroke. Motor recovery was dramatic though not complete, from hemiplegia at 8 days poststroke to ambulatory with only moderate motor deficits at 6 months poststroke. This recovery occurred despite extensive right hemisphere stroke and evidence of Wallerian degeneration on brain MRI.
In children, even with late-onset seizures and subsequent hemispherectomy, spatial neglect 13 and language 14 can recover, illustrating the remarkable plasticity of the young brain. Traditionally, focus has been placed on language recovery following brain damage with less emphasis placed on spatial perception. 8 Thus, despite multiple descriptions in children, spatial and motor neglect remains poorly characterized. In adults, damage to Brodmann area 22 (superior temporal gyrus), 39 and 40 (temporal parietal junction), 44 (inferior frontal lobule), and underlying white matter have been associated with spatial neglect. [2] [3] [4] [5] Neglect is associated with larger strokes. Caudate and insula are often damaged with this type of stroke and have therefore been implicated in producing neglect, 5 but in patients with only deep gray matter stroke, the presence of cortical hypoperfusion in specific regions such as the superior temporal gyrus was the only predictor of spatial neglect. 2 Some of the recovery from spatial neglect could have been due to resolution of poststroke edema in areas associated with neglect, 2-5 but the strongest predictors of spatial neglect (Brodmann areas 22, 39, and 40) 5 were severely damaged in this case. It is also possible given hemispherectomy recovery in children, that the time course for recovery from spatial neglect in children is measured in weeks.
Strong correlation exists between the observance of Wallerian degeneration and long-term morbidity in adults. 15 Furthermore, motor outcome correlates more closely with the finding of Wallerian degeneration than with the volume of lesion in children. 16 Despite evidence of Wallerian degeneration on MRI, children may get back more function following the same insult as compared with adults. 17 Our patient had significant recovery of motor function, but his recovery was not complete. His left hand dysfunction is particularly likely to cause longterm impairment.
Spatial neglect and motor deficits may improve quickly in children even after there is significant damage to areas associated with severe neglect in adults, 9, 10, 13 yet in others, deficits persist for years. 8 Neglect should be assessed using multiple tasks due to the multifaceted disorder this ''catch-all term'' describes. 4 Authors have suggested standardized pediatric neglect tasks (teddy bear cancellation), for children under 6, 8 but many adult neglect tasks have been successfully used in children. 13 Similarly, Wallerian degeneration is associated with poor outcome, 12 yet our patient has made significant improvements in motor function. Future studies will hopefully incorporate information such as time from brain injury to testing, as well as lesion size and location, and presence of Wallerian degeneration. These parameters should assist physicians and families as they discuss the potential for recovery.
